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[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In this contribution, we discuss on codebook based UL transmission related issues.
[bookmark: _GoBack]Discussion
Default transmission for PUSCH
The current specs are not so clear on default transmission for PUSCH with one antenna port. The following offline agreement, which was not treated due to lack of time, in [R1-1801107] was achieved in Vancouver. 
 Offline agreement in RAN1#AH1801:
· If the transmission scheme is not configured, the default transmission is 1 DMRS port based
· The PUSCH is triggered by DCI format 0_0
· Note: there is no TPMI, no SRI indication in format 0_0
· Note: this does not imply new uplink transmission scheme shall be defined
However, it is still not clear on what antenna port the UE transmits for DCI format 0_0. Hence, we have the following proposal:
[bookmark: OLE_LINK13]Proposal 1: If PUSCH is assigned by DCI format 0_0 when ulTxConfig is not configured, the PUSCH is transmitted on antenna port 1000.
SRS port numbering
In the current spec, SRS shares the same port numbering as UL DMRS. In fact, they are different based on our understanding. Similar to the DL CSI-RS, SRS can be used for the downlink and uplink CSI acquisition and uplink beam management, and SRS can be beamformed or non-precoded for different purposes. However, DMRS ports are related to the number of transmitted layers. Linkage between DMRS port and SRS port may not exit. Consequently, SRS port need to be defined separately as the CSI-RS port definition for DL.
Proposal 2: SRS port number need to be defined separately from DMRS port number.
PTRS for UL transmission
It has been agreed that up to 2 UL PTRS ports is supported in Rel-15 as following:
Agreement in RAN1#90bis
· For CP-OFDM, antenna port (AP) configuration
· Same as DL, support at least up to 2 UL PTRS ports in Rel-15.
4 ports non-coherent transmission is also supported for UL transmission in Rel-15:
Agreement in RAN1#90bis:
NR supports 3 levels of UE capability for UL MIMO transmission 
Full coherence
All ports can be transmitted coherently
Partial coherence
Port pairs can be transmitted coherently
Non-coherence
No port pairs can be transmitted coherently
For 1 SRS resource
Full coherence
All ports corresponding to ports in an SRS resource can be transmitted coherently
Non-coherence
All ports corresponding to ports in an SRS resource are not transmitted coherently
Partial coherence
Ports pairs corresponding to ports in an SRS resource can be transmitted coherently
The association between SRS resources and PTRS ports or between SRS ports and PTRS ports is defined as the following agreements:
Agreement in RAN1#91
· If UE has reported capability of supporting full-coherent UL transmission, UE expects the number of UL PTRS ports to be configured as one.
· For non-codebook based UL transmission 
· A new RRC parameter UL-PTRS-SRS-mapping-non-CB indicates the PTRS port index for each configured SRS resource/resource set, where there are at most UL-PTRS-ports port indices
· When indicating SRI in DCI and when the PTRS port index associated with different SRIs are the same, the corresponding UL DMRS ports share the indicated UL PTRS port
· FFS: whether the UL PTRS port index is associated to each SRS resource or resource set
· For partial-coherent and non-coherent codebook based UL transmission, the higher layer parameter UL-PTRS-ports indicates the maximum number of PTRS ports. 
· The actual number of UL PTRS port(s) to transmit is determined based on TPMI and/or TRI. 
· For non-codebook based UL transmission, the UL PTRS port index is associated to each SRS resource.
· For partial-coherent and non-coherent codebook based UL transmission, if the higher -layer parameter UL-PTRS-ports is 2, the actual UL PTRS port(s) and the associated transmission layer(s) are derived from indicated TPMI with the following rule:
· SRS port 0 and 2 in indicated TPMI share PTRS port 0,
· SRS port 1 and 3 in indicated TPMI share PTRS port 1.
· UL PTRS port 0 is associated with the UL layer x of layers which are transmitted with SRS port 0 and SRS port 2 in indicated TPMI;
· UL PTRS port 1 is associated with the UL layer y of layers which are transmitted with SRS port 1 and SRS port 3 in indicated TPMI;
· Up to 2-bit indicator is used in uplink grant where bit 1 is used for x and bit 2 is used for y
For non-coherent transmission with 3 or 4-layers, the number of non-coherent transmission ports may be 3 or 4. Examples include TPMI 0 in Table 6.3.1.5-6 and Table 6.3.1.5-7 in TS38.211. Although some of those antenna ports or TX chains may share the same crystal oscillator and phase-locked loop, we cannot exclude some special terminal configurations where each TX chain or antenna port has independent oscillator and PLL. For this special case, the phase noises of these ports are independent and need to be estimated separately using 3 or 4 PT-RS ports. In the current version of TS38.211 and TS38.214, only PT-RS with up to 2 ports are supported, where SRS port 0 and 2 share PT-RS port 0, SRS port 1 and 3 share PT-RS port 1. This cannot support the 3 or 4 layer non-coherent transmission mentioned before. It should believe that is necessary to support 4 PTRS ports. It is not simply a nice-to-have new feature, and it should be addressed in Rel-15.
Based on the above analysis, we have the following proposal:
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Proposal 3: Up to 4 PT-RS ports should be supported for UL codebook based transmission with non-coherent ports.
Conclusion
Proposal 1: If PUSCH is assigned by DCI format 0_0 when ulTxConfig is not configured, the PUSCH is transmitted on antenna port 1000.
Proposal 2: SRS port number need to be defined separately from DMRS port number.
Proposal 3: Up to 4 PT-RS ports should be supported for UL codebook based transmission with non-coherent ports.
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